Six anthocyanins were isolated from the flowers of the Nagai line of Iris ensata Thunb. They were identified as petunidin and malvidin 3-O-β-[(4´´´-Z-pcoumaroyl-α-rhamnopyranosyl)-(1→6)-β-glucopyranoside]-5-O-β-glucopyranosides (1 and 3) and their E-forms (2 and 4), and petunidin and malvidin 3-Orutinoside-5-O-glucosides (5 and 6). Though the E-form of petunidin 3-O-[(4´´´-p-coumaroylrhamnosyl)-(1→6)-glucoside]-5-O-glucoside has been reported, its Z-form was found for the first time. The presence of Z-and E-forms of malvidin 3-O-[(4´´´-p-coumaroylrhamnosyl)-(1→6)-glucoside]-5-O-glucoside is also reported for the first time. Fifty-one cultivars of Nagai line and their wild form (I. ensata var. spontanea) were divided into four anthocyanin patterns, i.e. 1) the presence of 1-4, 2) the presence of 2 and 4, 3) the presence of 5 and 6, and 4) no anthocyanin.
The Japanese garden iris (Iris ensata Thunb. var. ensata) was developed from the wild form, I. ensata var. spontanea (Makino) Nakai, by mutation and intraspecific crossing. The cultivars were divided into four lines, i.e., Nagai, Edo, Ise and Higo, and consist of more than 2000 cultivars. The Nagai line has been bred from the wild form in Iide Mountains and kept in Nagai City, Yamagata Prefecture, northern Japan for a long time. To date, 58 cultivars are known as Nagai line [1] . However, little is known about their historical backgrounds and specific characteristics. Flower pigments from I. ensata have been reported [2] [3] [4] [5] . Malvidin and petunidin 3-O-[(4´´´-p-coumaroylrhamnosyl)-(1→6)-glucoside]-5-O-glucosides (ensatin and petanin) have been isolated and characterized as the major anthocyanins by Hayashi et al. [2] . The arrangement of Japanese garden iris cultivars based on anthocyanin composition has been performed [3] [4] [5] . Anthocyanin and other flavonoids in the flowers of I. ensata have been reported [6] [7] [8] [9] [10] . Although there are many reports on Edo, Ise and Higo line, the Nagai line has rarely been reported. In this paper, complete identification of the major anthocyanins is presented, along with their distribution in the perianths of 51 Nagai line cultivars and their wild form, as surveyed by HPLC.
Acid hydrolysis of 1 and 2 liberated petunidin, glucose, rhamnose and p-coumaric acid. p-Coumaric acid was also produced by alkaline saponification of both anthocyanins. On the other hand, malvidin, glucose, rhamnose and p-coumaric acid were liberated by acid hydrolysis of 3 and 4. Since molecular ion peaks at m/z 933 [M] + (1 and 2), and m/z 947 [M] + (3 and 4) appeared by LC-ESI-MS, the attachment of two mol glucose and 1 mol of each of rhamnose and p-coumaric acid to petunidin (1 and 2) and malvidin (3 and 4) were shown. The 1 H NMR data of 1 and 2, and 3 and 4 were the same except for the coupling constants of H-α and H-β of [11] . Thus, four anthocyanins were identified as petunidin Coupling constant (J = Hz) assigned in parenthesis. (Table 3 ).
Most cultivars of the Nagai line and their wild form have pattern 1 ( Table 3 ). It has already been shown that this accumulation pattern is most popular in the I. ensata lines, Edo, Ise and Higo [3] . Two anthocyanins of pattern 3 were deacylated compounds of 1-4. This indicates the lack of acyltransferase activity in the cultivars admitted into pattern 3. In addition, delphinidin 3-O-[pcoumaroylrhamnosyl-(1→6)-glucoside]-5-O-glucoside (violanin), which is the most bluish among the anthocyanins, was detected in 28 cultivars as a minor pigment ( Table 3 ). The presence of violanin was shown by direct HPLC comparison with an authentic sample. Despite being a minor pigment, those cultivars might be useful for developing a new flower color in I. ensata. All white flower cultivars are pattern 4, and lack anthocyanin. As the next stage of this study, other flavonoids must be analyzed for a clarification of the mechanism of their flower colors [9, 10] , because the bluish flowers of I. ensata is expressed by co-pigmentation between ensatin and the C-glycosylflavone, isovitexin [9] .
